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Abstract 
A number of studies on sulfur dioxide (SO2) in toxicology and pharmacology have been reported, however spectral 
properties of SO2 and its derivatives were seldom investigated. We investigated the absorption spectra of SO2, 
sodium sulfite (Na2SO3), sodium bisulfite (NaHSO3) and sodium metabisulfite (Na2S2O5) in aqueous solution. In the 
meanwhile, the effects of HCl on spectral properties of SO2 and its derivatives were also investigated. We found that 
gaseous SO2 in ethanol, n-butyl-alcohol and glycerol had a characteristic absorption peak at 276 nm. Na2S2O5 and 
NaHSO3 exhibited an absorption peak at 257 nm. Absorption of SO2 at 276 nm was strongly enhanced in the 
presence of HCl. NaHSO3, Na2SO3 and Na2S2O5 also exhibited absorption at 276 nm with the addition of HCl, which 
was enhanced with the increase of HCl concentration. Importantly, two conclusions have been reached on the basis of 
our results. First, we attributed the absorbing power of SO2 to SO2 molecule, rather than hydrated sulfur dioxide. 
Second, absorption of SO2 strongly enhanced by HCl at 276 nm was due to H+, instead of the formation of a complex 
SO2Cl-. Primary studies also indicated that NaHSO3 and Na2S2O5 with HCl had a similar effect as SO2 did in rat 
thoracic aortic rings, which prompted us believe that NaHSO3 and Na2S2O5 with HCl may be acted as a donor of SO2
in biology and other area. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Beijing Institute of Technology. 
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1. Introduction 
Since the late 1980s, nitric oxide (NO) and carbon monoxide (CO) have been demonstrated to be 
gasotransmitters with a variety of vital functions. Some studies have suggested that hydrogen sulfide (H2S) 
might be the third gasotransmitter [1]. As is well known, SO2 has become a global air pollutant, 
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especially in densely populated areas as well as in areas polluted by coal-fired power plants, smelters and 
sulfuric acid factories. 
Epidemiological studies have showed that SO2 exposure was associated with many respiratory diseases 
such as lung cancer [2], when SO2 concentration exceeds 0.6 mg/m3. Recently, Meng et al. [3] found that 
SO2 had some similar functions in biology, and they believed that SO2 might be the fourth gasotransmitter. 
SO2 inhalation might induce chromosomal aberrations (CA), sister chromatid exchanges (SCE), and 
micronuclei (MN) in human peripheral blood lymphocytes [4-6]. And SO2 inhalation could damage the 
brain cell of rat [7]. The studies in our laboratory have indicated that SO2 was a systemic toxin and might 
have many kinds of biological and toxicological roles in multiple organs of mammals [8]. Recently, Li et 
al. found that SO2 could relax rat thoracic aortic rings in a concentration-dependent manner [9]. To the 
best of our knowledge, few publications tried to show the structure of SO2 in solution by UV-vis 
spectrum. 
In present, it is typical that the direct use of gaseous SO2 or mixture of Na2SO3 and NaHSO3 (molar 
ratio, 3:1) to study the toxicological and physiological properties of SO2. However, the use of gaseous 
SO2 seemed to be limited because of difficulties in obtaining precisely controlled concentrations and the 
possible toxic impact of excess SO2. Because of these limitations, it is urgent to seek the donor of SO2. 
The UV vis absorption spectra of the SO2 and its derivatives in aqueous solution were studied. And 
effect of HCl on SO2 and its derivatives in aqueous solution was investigated. The possibility of Na2S2O5, 
Na2SO3 and NaHSO3 as donor of SO2 was investigated by UV-vis spectra and the vasodilator effect in 
isolated rat aortic rings.  
2. Materials and methods 
2.1. Apparatus and reagents 
Pure SO2 gas (purity: 99.99%) was obtained from the Beijing He-Pu-Bei-Fen Gas Company, Ltd. 
(Beijing, China). Fresh SO2 stock solution was prepared 10 min before each experiment by bubbling 
deionized water with pure SO2 gas to achieve a stock solution containing SO2 at concentrations ranging 
from 6.0 to 20 mM. Our preliminary experiments indicated the concentration of SO2 in the stock solution 
was relatively stable. 
Na2SO3, NaHSO3 and Na2S2O5 were purchased from Sigma Chemicals Company (St. Louis, USA). All 
other reagents and solvents used were of the analytical grade. All solutions were prepared with deionized 
ied from a Milli-Q purification system (Millipore, USA). 
The UV-vis spectra were recorded using Hitachi U-3010 spectrophotometer (Tokyo, Japan) controlled 
by computer. The experiments were performed at the ambient temperature. 
2.2. Procedure  
2.2.1. Absorption spectra of SO2, Na2SO3, NaHSO3 and Na2S2O5 
In order to study the absorption spectrum of SO2 in different solutions (water, alcohol, glycerol and n-
butyl alcohol), 0.1 mM SO2 was prepared by dissolving into water, alcohol, glycerol and n-butyl alcohol 
respectively.  
Various concentrations of Na2SO3, NaHSO3 and Na2S2O5 were prepared by dissolving in water, and 
UV vis spectra were recorded respectively. 
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2.2.2. Effects of HCl on absorption spectra of SO2, Na2SO3, NaHSO3 and Na2S2O5 
Different concentrations of HCl were added into SO2 (15 mM), Na2SO3 (10 mM), NaHSO3 (10 mM) 
and Na2S2O5 (5 mM) in aqueous solution respectively. The UV vis spectra were recorded after each 
addition of HCl. 
2.2.3. Possible mechanism of enhancing absorption of SO2 in HCl 
H2SO4, MgCl2 and KCl were added into the 15 mM SO2 solution respectively. Then the spectra were 
recorded. 
2.2.4. Potential application of SO2 derivatives as SO2 donor 
  Na2SO3, NaHSO3 and Na2S2O5 were used to study the vasodilator mechanisms. Preparation of isolated 
rat thoracic aorta rings followed the literature method [10]. 
3. Results and discussion 
3.1. Absorption spectra of SO2 and its derivatives  
The absorption spectra of SO2 in solvents of different polarity and its derivatives in pure water are 
shown in Figs. 1-2. SO2 in water had a characteristic spectrum at 276 nm. Fig. 1a also shows absorbance 
of SO2 in pure water increases with increasing concentration. The position of the absorption band of SO2 
in pure water is in agreement with the results of Wright and Getman [11, 12]. 
 
 
Fig. 1. UV-vis absorption spectra of SO2 in water (a): the concentration of SO2 (a-f): 1, 2, 4, 8, 14, 16 mM; 0.1 mM SO2 in various 
solvents (b).  
In general, SO2 in water dissociates into ions forming a weak electrolyte. The following equilibria are 
considered in this work. 
Vapor-liquid equilibria: SO2(g)  SO2(aq) or SO2 nH2O                       (1)  
Speciation equilibria: SO2(aq) + nH2O SO2 nH2O                              (2) 
  SO2 nH2O H++HSO3- + n-1 H2O    Ka1=1.3 10-2 291K         (3) 
  HSO3-  H++SO32-                 Ka2=6.3 10-7 291K                              (4) 
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Because of the small value of the secondary ionization constant, Ka2, the dissociation of the bisulphate 
ion, HSO3-, is neglected. It is agreed that undissociated sulphurous acid (H2SO3) is not thought to exist in 
aqueous solution [13, 14]. So the aqueous solution of SO2 mainly consists of SO2 molecule, hydrated SO2 
and bisulphate ion (HSO3-).  
 
     
Fig. 2. UV-vis absorption spectra of Na2S2O5 (a) and NaHSO3 (b) in water. The concentration of Na2S2O5 (a-g): 1, 5, 10, 20, 40, 50, 
60 mM; the concentration of NaHSO3 (a-e): 5, 25, 50, 75, 100 mM. 
As shows in Fig. 1b, the electronic spectra of gaseous SO2 in various solvents display an intense 
absorption band in the near UV visible region, which locates around 276 nm. Getman [12] believed that 
the absorption of SO2 at 276 nm was due to hydrated SO2. According to his opinion, absorption of SO2 in 
alcohol would much weaker than in water. In fact, absorbance of SO2 in alcohol, especially in glycerol, is 
much stronger than in water. It is in conflict with the results of Getman. Thus we believe that the 
observed difference of intensity is attributable to solubility of SO2 molecule, because gaseous SO2 is much 
more easily dissolved in organic solvents than in water. Meng pointed out that chemical status of SO2 in 
water or organic solvents was still an unchanged SO2 molecule [15]. Following above suggestions, the 
absorption peak at 276 nm of SO2 in various solutions is assigned to SO2 molecule. Big hypochromic 
effect of SO2 in pure water might be due to the role of H2O molecule.  
 UV vis spectra in Fig. 2 shows that Na2S2O5 and NaHSO3 have the similar maximum absorption peaks 
max) at 257 nm, which absorption intensity increases with increasing concentration. It is observed that 
the absorption peak of NaHSO3 at 257 nm is in agreement with the result of Getman [12]. In the Meatime, 
Getman indicated that absorption band of K2S2O5 gave an absorption at 263 nm. However, it should be 
pointed out that Na2S2O5 in this paper was obtained from a well-known reagent Company (Sigma, USA), 
instead of passing pure SO2 into a solution of sodium ethylate in absolute ethyl alcohol [12]. In the 

















Na+O- O-Na+  
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Scheme 1. Construction of SO2 and its derivations in water.  
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Scheme 1 gives the construction of SO2 and its derivatives in aqueous water. Absorption of Na2S2O5 
and NaHSO3 in water are assigned to HSO3-, because Na2S2O5 in water dissociates into two NaHSO3.  
Na2S2O5 + H2O    2NaHSO3                                                                  (5)  
3.2. Effect of HCl on spectral properties of sulfur dioxide and its derivatives 
Absorption spectra of SO2 at different concentrations were determined in hydrochloric acid (see in Fig. 
3a). As shown in Fig. 3a, intensity of SO2 at 276 nm increased with HCl concentration and reached a 
maximum when HCl concentration was 50 mM. Intensity of SO2 in HCl was as 1.45-2.07 times high as 
the intensity of SO2 in pure water when the concentration of HCl ranging from 10 mM to 50 mM.  
From Figs. 3b-c, we find that 10 mM NaHSO3 is similar with 5mM Na2S2O5 in the presence of HCl. 
When Na2S2O5 and HCl were mixed in aqueous solution, the remarkable bathochromic effects at 257 nm 
were observed. Finally, a new absorption peak at 276 nm appeared. The intensity of the new peak 
increase obviously with the increase of HCl concentration. When equilibrium of Na2S2O5, HCl, SO2 and 
water was obtained, the new peak reached a maximum. It can be noticed that there is an obvious 




Fig. 3. UV-vis absorption spectra of SO2 and its derivations in the presence of HCl. (a) 15 mM SO2. The concentration of HCl (a-f): 
0, 10, 20, 30, 40, 50 mM; (b) 5 mM Na2S2O5. The concentration of HCl (a-h): 1, 5, 10, 20, 30, 40, 50, 100 mM; (c) 10 mM 
NaHSO3. The concentration of HCl (a-g): 1, 5, 10, 20, 30, 40, 50, 100 Mm; (d) 10 mM Na2SO3. The concentration of HCl (a-
f): 10, 20, 30, 40, 50, 100 mM. 
The absorption spectra of Na2SO3 in aqueous solution at various concentrations of HCl were also 
investigated. Herein the absorption spectra of Na2SO3 in the presence of HCl are shown in Fig. 3d. 
Na2SO3 did not show a selective absorption. However, when HCl was added to Na2SO3 aqueous solutions, 
Na2SO3 also had a characteristic absorption band at 257 nm, then switch to 276 nm. This might be 
explained by reactions (6) and (7). In a word, when HCl was added, NaHSO3, Na2SO3 and Na2S2O5 
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showed a characteristic absorption at 276 nm, which was attributed to generation of SO2 and equilibrium 
of SO2 in solution. 
Na2SO3 + HCl NaHSO3 + NaCl                                                                  (6) 
NaHSO3 + HCl NaCl + H2O + SO2                                                                                            (7) 
3.3. Possible mechanism of enhancing absorption of SO2 in HCl 
Fig. 3a shows intensity of SO2 in HCl was as 2.07 times high as the intensity of SO2 in pure water 
when the concentration of HCl was 50 mM. Increases in the absorbing power of SO2 solution, in a way, 
was traced to a shift from right to left in the equilibrium (3)-(4). On the other hand, Krissmann [16] found 
that absorption of SO2 was shifted towards higher wavelength in SO2+HCl+H2O system, the effect was 
interpreted in terms of the formation of a weak complex SO2Cl-. Further experiments have been done in 
H2SO4, MgCl2 and KCl solution to clarify the question.  
From Fig. 4a, the effect of H2SO4 on spectra of SO2 is similarly to the HCl. Furthermore, when KCl 
was added to SO2 solution, the characteristic absorption was unchanged, and intensity of SO2 was 
depressed (Fig. 4b). MgCl2 (Fig. 4c) had a similar effect with KCl. It may be caused by salts effects. With 
increasing salt concentration, gaseous SO2 solubility was nearly always found to decrease [17]. 
 
        
 
 
Fig. 4. UV-vis absorption spectra of 15 mM SO2 in the presence of H2SO4 (a), KCl (b) and MgCl2 (c). The concentration of H2SO4 
(a-f): 0, 10, 20, 30, 40, 50 mM; The concentration of KCl (a-f): 0, 10, 20, 30, 40, 50 mM; The concentration of MgCl2 (a-f): 
0, 10, 20, 30, 40, 50 mM. 
Therefore, we suggest that gaseous SO2 in the presence of HCl should not form the complex [SO2Cl-] 
with Cl-. Hyperchromic effect could depend on pH of environment, instead of Cl-. Although dissociation 
of SO2 in pure water is less than 5% [see equation(1)-(4)], hyperchromic effect in 50 mM is 2.07 times of 
98   Zhenhua Yang et al. /  Procedia Environmental Sciences  18 ( 2013 )  92 – 99 
it without HCl. Further experiment is required in order to understand the mechanism by which pH could 
enhance strongly absorbance of SO2 in aqueous solution. 
3.4. Potential application of SO2 derivatives as SO2 donor 
Our previous report found that gaseous SO2 caused relaxation of isolated rat thoracic aortic rings in a 
concentration-dependent manner (Fig. 5a) [10]. Therefore, we compared the effects of Na2S2O5, NaHSO3 
as well as Na2SO3 in HCl solution as vasodilator on isolated aortic rings of rats with gaseous SO2 
respectively. It was found that Na2S2O5 also caused relaxation of isolated rat thoracic aortic rings in a 
concentration-dependent manner (Fig. 5b) [18]. Unlike Na2S2O5 and NaHSO3, Na2SO3 could cause 
constriction in low concentration (< 2mM) and relaxation in high concentration.  
Thus, it is possible that Na2S2O5 and NaHSO3 mixed with HCl can be used as a donor of SO2 to 
study the toxicologicaland physiological properties of SO2.  
 
       
Fig. 5. Vasorelaxant effects of SO2 (a) and Na2S2O5 (b) on the endothelium-denuded (-E) or endothelium-intact (+E) rat aortic rings 
precontracted by 10-6 M NE. The relaxation effect was expressed as a percentage of decrement to the maximum tension 
caused by 10-6 M NE. n=6, compared with the control group of endothelium-intact rat aortic rings, *P <0.05 [10,18].  
4. Conclusions 
The absorption spectra of solutions of various sulfites show that aqueous solutions of SO2 exhibit a 
well-defined absorption band in the vicinity of 276 nm. Gaseous SO2 in ethanol, n-butyl-alcohol and 
glycerol also have a characteristic absorption peak at 276 nm. The absorbing power of SO2 is attributed to 
SO2 molecule, rather than hydrated sulfur dioxide. Aqueous solutions of Na2S2O5 and NaHSO3 show a 
characteristic absorption band at 257 nm, but Na2SO3 in water do not have a selective absorption. 
The absorption peak at 276 nm of SO2 in aqueous solution could be enhanced by addition of HCl. We 
find that in the presence of HCl, absorption of SO2 is enhanced by 2.07 times, which is attributive to pH 
effect on SO2, instead of formation of complex SO2Cl-. It is necessary to clarify the effect of pH on SO2. 
All the three derivatives could exhibit a characteristic absorption of SO2 with the addition of HCl.  
It is emphasized that Na2S2O5 and NaHSO3 in the presence of HCl might be used as a donor of SO2 for 
study in biology and other areas.  
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